I r r a d i a t i o n P h o t o c y c l i z a t i o n Y i e l d E n t r y E t h e r 1
Time ( of the methylene group to afford butyrolactones 3c-k with sodium periodate and a catalytic amount of ruthenium tetraoxide (Table  II) .g315 Table I1 entries c-f demonstrate novel annulations of multicyclic butyrolactones from homoallyl alcohols. The cyclobutyl ring in the products 3d-f is necessairly incorporated cis to ether 6 for photoannulation of 2k was prepared from cyclohexene oxide and allyl alcohol according to eq 4. Other synthetically 6 31 Ph,P;CH, useful transformations of the photoproducts 2 as well as copper(1)-catalyzed photocyclizations of unsaturated ethers incorporating additional functionality are under investigation and will be described in a full account.
The thermal valence isomerization of (hetero) cyclobutenes to (hetero) 1,3-butadienes is a classic example of a stereospecific reaction, the conrotatory mode of which is in agreement with the principle of conservation of orbital symmetry in electrocyclic reactions.'S2 A large amount of work has been carried out on the thermal isomerization of compounds in which the cyclobutene moiety is cis annulated to another ring system. It is generally accepted that when the annulated ring possesses less than eight atoms, ring opening must occur by way of the symmetry-forbidden disrotatory mode3 or by homolytic4 or heterolytic5 pathways, all having a higher activation energy. Epiotis6 has predicted that the activation energy of the ring opening will be reduced by asymmetric substitution of the cyclobutene, as experimentally observed for 3-aminocyclobutenes cis fused to 5-, 7-, 8-, and 12-membered rings. On the basis of configuration interaction analysis he concluded that in these cases the disrotatory process will occur. In this communication we report experimental evidence to prove that the ring opening of cis-fused 3-aminocyclobutenes proceeds in a conrotatory mode.
As part of our work on the mechanism of the reaction of enamines with dimethyl acetylenedicarboxylate (DMAD),' we synthesized cis-fused 3-aminocyclobutenes, a number of which have been reported previously. However, in our hands the reaction of DMAD and 1-( 1-cyclohexen-1-y1)pyrrolidine (la) in diethyl ether as described by Brannock et aL8 did not give the dimethyl
1-( 1 -pyrrolidinyl)bicyclo[4.2.O]oct-7-ene-7,8-dicarboxylate (2a)
as a pure compound. Instead we obtained a mixture of two compounds that are interconverting at room temperature as indicated by IH N M R spectroscopy. One of the compounds, showing a singlet absorption at 6 3.80 (OCH,, 6 H) and a doublet absorption at 6 43.0 in its I3C NMR spectrum, could be identified as the [2 + 21 cycloadduct 2a. The other component, the amount of which increases in the mixture by lowering the temperature: shows a doublet of a doublet at 6 5.51 ( J = 5.1 and 12.0 Hz), corresponding to a vinylic proton and two singlets at 6 3.75 and 3.60 (OCH,, 3 H).8 After the mixture stood for some hours in CDC13 at room temperature, however, its 'H N M R spectrum had changed dramatically and showed among others the absorptions characteristic of dimethyl 3-( l-pyrrolidinyl)-cis-cis-2,8-cyclooctadiene-1,2-dicarboxylate (4a) .8,11 Therefore, we concluded that the reaction product of l a and DMAD consisted of a mixture of two valence isomers, viz., the [2 + 21 cycloadduct 2a and dimethyl 3 4 1 -pyrrolidinyl)-cis,trans-2,8-cyclooctadiene-1,2-dicarboxylate (3a). Prolonged reaction time resulted in the isomerization of the cis,trans diene to the thermodynamically more stable cis,cis-isomer 4a. Conclusive evidence for the cis,transcycloalkadiene structure 3 was obtained when we reacted 1-(3,6-dihydro-2H-thiopyran-4-yl)pyrrolidine ( 1b)l2 with DMAD in diethyl ether. Dimethyl cis,trans-7,8-dihydro-6-( 1- The number of reflections with I > u(I) (counting statistics) used for the refinement was 3497. The unit cell contains two independent molecules, having the same conformation, one of which is representedI6 in Figure 1 . Hydrogen atoms were found from difference Fourier syntheses made after refinement (on F) of positions and isotropic (anisotropic for S) thermal parameters of the heavy atoms. The highest peaks in the difference maps made at this stage were due to anisotropy of the thermal motion of the oxygen atoms. Therefore 388 parameters [scale factor, extinction parameter, positional parameters of all atoms, anisotropic thermal parameters for S and 0 atoms, isotropic thermal parameters for C, N, and H atoms] were refined in the last cycles. The final unweighted R factor was 5.9%. the standard deviation of an observation of unit weight was 2.7. The standard deviations of the resulting bond lengths and angles for the heavy atoms are in the range 0.004-0.006 A and 0.2-0.4', respectively. Mean differences in corresponding bond lengths, angles, and torsion angles for the two independent molecules are 0.005 A, 0.4" and 1.2'. The torsion angles found for the cis acd trans double bonds are -28.4 (4) and 143.0 (3)' for the first molecule and -27.2 (4) and 141.9 (3)" for the second. Details of the crystal structure of 3b, together with the structure of the corresponding cis&-isomer 4b, which also has been determined, will be published elsewhere.
The reactions of 1-( 1-cyclohepten-1-y1)pyrrolidine (IC) and 1-( 1-cycloocten-1-y1)pyrrolidine (Id) with DMAD in diethyl ether gave dimethyl 3 4 1 -pyrrolidinyl)-cis,trans-2,9-cyclononadiene-1,2-dicarboxylate (3c) and dimethyl 3-( 1-pyrrolidiny1)-cis,-trans-2,10-cyclodecadiene-1,2-dicarboxylate (3d), respectively. Compound 3c was isolated in 91% yield as a crystalline solid: mp 141.5-142.5 OC (EtOAc);I7 'H N M R (CDC13) 6 6.03 (dd, J = N M R (CDCl,) 6 167.0 (s, C-3), 152.9 (d, C-9), 132.7 (s, C-l 57 (s, 3 H, OCH,) -pyrrolidinyl)-cis,cis-2,7 -cycloheptadiene-1 ,2-dicarbo~ylate~ without observing the corresponding cis,trans isomer by *H N M R spectroscopy as an intermediate, possibly because of a fast isomerization of the cis,trans to the cis,cis isomer.
When the thiocin 3b was heated in toluene for 4 h at 100 OC in the dark the cis,cis-isomer 4b was isolated in a 44% yield as a crystalline solid, mp 169-170 O C (toluene). Upon irradiation at room temperature, however, 3b isomerized to dimethyl 3,8-dihydro-6-( 1 -pyrrolidinyl)-2H-thiocin-4,5-dicarboxylate (5).
Under the prevailing reaction conditions both isomers were not intercon~ertible.~~ Therefore, we concluded that 5 has to be formed by a photochemical [ 1,5] hydrogen shift. As can be seen from Dreiding models and from the X-ray structure of 3b, the 47r system in 3b is twisted, thus making the antarafacial hydrogen shift sterically possible. To our knowledge this is the first example of a photochemical [1, 5] hydrogen shift in a cyclic system.25
Our results clearly show that the ring opening of cis-fused 3-aminocyclobutenes proceeds in a conrotatory mode, giving (strained) cis,trans-cycloalkadienes. The rate of isomerization and the relative equilibrium concentrations of 2 and 3 at ambient temperature depend on the ring size. These results make a revision of the structural assignment of a number of compounds obtained by reaction of enamines and DMAD8,18~19~22 necessary. Also the stereochemistry published of several other might be incorrect. Moreover the formation of "abnormal" ring opening products like 5 that have previously been reported24*27,28 can be rationalized in terms of the intermediacy of a cis,trans isomer and a subsequent [ 1,5] hydrogen shift. Tables of atomic positional and thermal parameters, interatomic distances and angles, and a list of observed and calculated structure factors (30 pages). Ordering information is given on any current masthead page. 
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